The spectral interference caused by haemoglobin in the calcium-cresolphthalein cornplexone reaction was investigated. The results show that the nature of the haemoglobin derivative in the reaction mixture influences the degree of interference; in turn, the derivative formed depends on the order in which the sample and reagents are added. Methods using a single, alkaline cresolphthalein complexone reagent are most seriously affected by haemolysis due to persistence of oxyhaemoglobin, If the sample is added to an acid cresol phthalein cornplexone reagent then acid haematin is formed, this being converted to a different derivative on the addition of alkali, producing less pronounced interference. The addition of the sample to a buffer, followed by addition of cornplexone, appears to offer a means to correct for moderate haemolysis in the sample.
SUMMARY. The spectral interference caused by haemoglobin in the calcium-cresolphthalein cornplexone reaction was investigated. The results show that the nature of the haemoglobin derivative in the reaction mixture influences the degree of interference; in turn, the derivative formed depends on the order in which the sample and reagents are added. Methods using a single, alkaline cresolphthalein complexone reagent are most seriously affected by haemolysis due to persistence of oxyhaemoglobin, If the sample is added to an acid cresol phthalein cornplexone reagent then acid haematin is formed, this being converted to a different derivative on the addition of alkali, producing less pronounced interference. The addition of the sample to a buffer, followed by addition of cornplexone, appears to offer a means to correct for moderate haemolysis in the sample.
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The reported effects of haemoglobin on the calcium-cresolphthalein complexone reaction are variable. In general, no significant interference has been found,t-J although some studies have shown a distinct positive interference 4 -6 and one investigation suggested a negative effect.'
Positive interference has generally been attributed to oxyhaemoglobin producing direct spectral interference by its absorption maximum at 575 nm, close to that of the calcium-cresolphthalein cornplexone complex at 578 nm. However, most methods involve the addition of a sample to an acidic solution of cresolphthalein complexone (CPC), under which conditions the haemoglobin would be converted to acid haematin, a possibility which does not seem to have been investigated. If, however, the sample is added to an alkaline, pre-mixed CPC reagent, or to buffer to which CPC is then added, the oxyhaemoglobin might be expected to persist and cause direct spectral interference. Continuous flow methods involving dialysis would not be expected to suffer from such interference as the haemoglobin would be discarded in the diluent stream.
The effect of haemolysis was investigated by adding haemoglobin to different CPC/buffer 
MATERIALS AND METHODS

Reagents
The e-cresolphthalein cornplexone reagent (1'57 x 10-4 M) was 100 mg CPC and 2·5 g 8hydroxyquinolione per litre of 0·2 M hydrochloric acid. The 4 M AMP buffer, pH 10'7, was 176 mL of 2-amino-2-methyl-propan-l-ol diluted to 400 mL with deionised water and adjusted to pH 10·7 with hydrochloric acid before dilution to 500mL. The I M glycine buffer, pH 10,8, was 75 g Analar glycine dissolved in about 800 mL of deionised water and adjusted to pH 10·8 before dilution to I litre. The 0·7 M diethylamine solution, pH \2'0, was 36-4 mL diethylamine diluted to 500 mL with deionised water.
Haemolysate
Red cells were washed five times with 0·85% NaCI solution and then lysed using 9·5 mL of deionised water and 0·5 mL of a 0·25% solution of saponin in water. Red cell ghosts were removed by centrifugation at 2000g for IOmin. The resulting solution contained 3·6 g haemoglobin/dl.; 50 ilL contained 1·8 mg. 
Methods
In many automated direct calcium methods sample is added to the acidic CPC reagent with subsequent addition of an alkaline buffer. A comparable manual procedure for these studies was achieved by mixing 2·5 mL CPC reagent with 50 J-LL haemolysate, then adding 2·5 mL alkaline buffer and mixing. The absorption spectrum of haemoglobin in acid CPC reagent was obtained by substituting water for alkaline buffer. In other methods, the sample is added to a pre-mixed alkaline CPC; a similar situation was achieved by altering the addition sequence by mixing 2·5 mL CPC reagent with 2·5 mL alkaline buffer, then adding 50 JlL haemolysate and mixing.
A few methods involve addition of sample to a buffer, CPC being added subsequently; a comparable manual method is to mix 2·5 mL alkaline buffer with 50 JlL haernolysate, then to add 2·5 mL CPC reagent and mix.
Absorption spectra of the haemoglobin The absorption spectra of oxyhaemoglobin and of acid and alkaline haem at in are shown in Fig. 1 presence of 8-hydroxyquinoline; this has minimal absorbance at wavelengths above 450 nm, as shown in Fig. 2 . When haemoglobin was added the characteristic spectrum of acid haematin was seen ( Fig. 2) , with absorption maxima at 520, approximately 550, and 656 nm. Addition of buffer to acid haematin in CPC reagent gave rise to the spectral changes shown in Fig. 3 for the three different buffer systems studied. This new haemoglobin derivative had no 656 nm peak and a different pattern of absorbance in the 500-600 nm region of the spectrum; it was also different from the alkaline haematin formed with sodium hydroxide, the absorption spectrum of which is shown in Fig. 1 . The absorbance of this haemoglobin derivative appears to be greater than that of acid haematin at the critical wavelengths around 575 nm. The absorption spectrum of this haemoglobin derivative is more clearly seen in Fig. 4 , in which 0·2 M hydrochloric acid has replaced CPC reagent, so that the absorption spectrum of the haemoglobin is seen un obscured by the colour of the alkaline CPC. If haemolysate is added to a pre-mixed alkaline CPC reagent the oxyhaemoglobin persists, causing considerable spectral interference at 575 nm in all three buffer systems (Fig. 3) .
Addition of haemolysate to alkaline buffer followed by addition of CPC reagent produces results which are buffer-dependent, as shown in Fig. 5 . When AMP and glycine are used, oxyhaemoglobin persists in the same way as when a pre-mixed reagent is used. However, when a diethylamine buffer was used the haemoglobin derivative formed was apparently the same as that seen when haemolysate was added to CPC with subsequent diethylamine addition.
DISCUSSION
Various attempts have been made to compensate for spectral interference in serum calcium assays using Cpc. The Technicon RAIOOO reads the absorbance of sample plus CPC at 550 nm; an AMP buffer is then added and a further reading made, permitting correction for interfering chromogens in the sample." However, this sample blank will not adequately correct for haemoglobin interference because of the difference in absorbance between the two haemoglobin derivatives present at the different stages of the reaction. By making readings at 550 nm, away from the maximum for the calcium CPC complex, the interference from haemoglobin is increased.
The Beckman Astra 8 applies a similar correction/ the absorbance being read after addition of sample to diethylamine buffer and again after addition of CPC. In this case the correction would be expected to be adequate as the haemoglobin derivative is constant throughout the measurements. Evaluation of this method has shown that haemoglobin produces no interference at levels up to I g/dL, which corresponds to a grossly haemolysed sample.'
The Du Pont aca system has been shown to suffer from distinct haemoglobin intereference.' This instrument uses a one-reagent pack containing CPC in a glycine buffer." Sample is added and absorbance readings made at 570 and 600 nm, the latter being used as the blank. In the presence of haemoglobin, which under these conditions will be present as oxyhaemoglobin, this correction is inadequate because oxyhaemoglobin has little absorbance at 600 nm. It has been suggested that readings at 540 nm would provide better correction for haemoglobin;' alternatively, the use of a I,2-di-(2-aminoethoxy)ethane-NNN'N'-tetra acetic acid (EGTA) blank has been suggested.'
Other bichromatic analysers would also be expected to suffer from some interference, although this will be less marked when sample is added to acid CPC than when a mixed reagent is used. It is important with such instruments to select the secondary wavelength carefully to provide the maximum compensation for any haemolysis.
This investigation suggests that the correction for spectral interference in calcium methods using CPC is complicated by the variety of haemoglobin derivatives which may be present under different analytical conditions. It has generally been assumed that such interference was due to oxyhaemoglobin, but these results demonstrate that other haemoglobin derivatives are involved. The method used on the Beckman Astra 8 appears to give the best compensation for haemolysis. This method could be used with other buffer systems, but the oxyhaemoglobin formed in AMP and glycine buffers would lead to high serum blanks and possibly impaired precision when significantly haemolysed samples were analysed.
If grossly haemolysed samples must be analysed for some reason, the only satisfactory method of compensation would appear to be by rereading the absorbance of the reaction mixture after destruction of the calcium-CPC complex with EGTA. 1
